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Description 

[0001] This invention relates to a semiconductor de- 
vice including a long-wavelength vertical cavity surface 
emitting laser (VCSEL) that is optically pumped by an 
integrated short-wavelength VCSEU and more particu- 
larly to a process for use In fabrication of such a semi- 
conductor device, 

[0002] A vertical cavity surface emitting laser (VC- 
SEL) Is a semiconductor laser including a semiconduc- 
tor layer of optically active material, such as gallium ar- 
senide or indium phosphide. The optically active mate- 
rial is sandwiched between mirror stacks formed of high- 
ly-reflective layers of metallic material, dielectric mate- 
rial, or epitaxialty-grown semiconductor material. Con- 
ventionally, one of the mirror stacks is partially reflective 
so as to pass a portion of the coherent light which builds 
up in a resonating cavity formed by the mirror stacks 
sandwiching the active layer. 
[0003] Lasing structures require optk:al confinement 
in the resonating cavity and carrier confinement in the 
active region to achieve efficient conversion of pumping 
electrons into stimulated photons through population in- 
version. The standing wave of reflected optical energy 
in the resonating cavity has a characteristic cross-sec- 
tion giving rise to an optical mode. A desirable optical 
mode is the single fundamental transverse mode, for ex- 
ample, the HE^^ mode of a cylindrical waveguide. A sin- 
gle mode signal from a VCSEL is easily coupled into an 
optical fibre, has low divergence, and is inherently single 
frequency in operation. 

[0004] In order to reach the threshold for lasing. the 
total gain of a VCSEL must equal the total loss of the 
VCSEL. Unfortunately, due to the compact nature of VC- 
SELs, the amount of gain media is limited. For efficient 
VCSELs, at least one of the two required mirrors must 
have a reflectivity greater than approximately 99.5%. It 
is more difficult to meet this requirement in long-wave- 
length VCSELs than in short-wavelength VCSELs be- 
cause such high reflectivity mirrors are difficult to grow 
in the same epitaxial step as the long-wavelength active 
region. Because epitaxially-grown mirror stacks often 
do not enable sufficiently high reflectivity, some VCSELs 
are formed by wafer fusing the top and bottom mirror 
stacks to the active region. 

[0005] Wafer fusion Is a process by which materials 
of different lattice constant are atomically joined by ap- 
plying pressure and heat to create a real physical bond. 
Thus, wafer fusion of one or both of the mirror stacks to 
the active region is used to increase the reflectivity pro- 
vided by either or both of the mirrors to compensate for 
the small amount of gain media so that the lasing thresh- 
old can be reached and maintained. 
[0006] An important requirement for low-threshold, 
high-efficiency VCSEL operation is a lateral refractive 
index variation or index guiding mechanism that intro- 
duces low optical loss for the VCSEL. Lateral oxidation 
of AIGaAs has been used for refractive index guiding to 



make high-efficiency VCSELs. In such a lateral oxida- 
tion technique, a mesa is etched into the top surface of 
the VCSEL wafer, and the exposed sidewalls of an AI- 
GaAs layer are exposed to water vapour. Water vapour 

s exposure causes conversion of the AIGaAs to AIGaO^, 
some distance in from the sidewall toward the central 
vertical axis, depending on the duration of the oxidation. 
This introduces a lateral refractive index variation, cre- 
ating a low-loss optical waveguide if the AIGaO^ layer 

10 is sufficiently thin. 

[0007] A long-wavelength VCSEL can be optically 
coupled to and optically pumped by a shorter wave-. 
length, electrically pumped VCSEL. US Patent No. 
5,513.204 to Jayaraman entitled "LONG WAVE- 

15 LENGTH. VERTICAL CAVITY SURFACE EMITTING 
LASER WITH VERTICALLY INTEGRATED OPTICAL 
PUMP" describes an example of a short-wavelength 
VCSEL optically pumping a long-wavelength VCSEL. 
[0008] Two key requirements for manufacturing a 

20 long-wavelength VCSEL optically pumped by an inte- 
grated short-wavelength VCSEL are precise alignment 
of the optical mode of the two VCSELs over a wafer 
scale, combined with electrical contact with both a p- 
doped and an n-doped layer of the short-wavelength 

25 VCSEL 

[0009] This has been accomplished in the past using 
patterned wafer fusion to define the optical mode of the 
long-wavelength VCSEL, while using oxidation to define 
the optical mode of the short-wavelength pump VCSEL. 

30 This necessitates the difficult task of precise, sub-mi- 
cron infrared photolithography over a full wafer. 
[0010] The invention provides a process for use in 
fabrication of a semiconductor device. In the process, a 
short-wavelength vertical cavity surface emitting laser 

35 (VCSEL) is epitaxially grown on and integrated with a 
top long-wavelength distributed Bragg reflector. A long- 
wavelength active region is wafer fused to a bottom 
long-wavelength distributed Bragg reflector. The top 
long-wavelength distributed Bragg reflector is wafer 

^ fused to the long-wavelength active region, making a 
long-wavelength VCSEL beneath the short-wavelength 
VCSEL. The short-wavelength VCSEL Includes a top 
oxidation layer of AIGaAs. The long-wavelength VCSEL 
includes a bottom oxidation layer of AIGaAs. An n- 

45 doped contact layer is interposed between the top oxi- 
dation layer of AIGaAs and the bottom oxidation layer 
of AIGaAs. P-type metal is deposited on a top surface 
of the short-wavelength VCSEL to make a p-contact of 
the semiconductor device. A mesa is etched in the short- 

50 wavelength VCSEL down to the n-doped contact layer, 
thereby forming a field around the mesa. N-type metal 
is deposited in the field to make an n-contact of the sem- 
iconductor device. One or more holes are patterned on 
top of the mesa, radially outward from the p-type metal 

55 deposit, in the shape of a non-continuous ring around 
the p-type metal deposit. The patterned one or more 
holes are etched from the top of the mesa downward 
through both the top oxidation layer of AIGaAs and the 
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bottom oxidation layer of AIGaAs. and the one or more 
etched holes are oxidized in a single step, thereby form- 
ing a top oxide aperture in the short-wavelength VCSEL 
and a bottom oxide aperture in the long-wavelength VC- 
SEL. The top oxide aperture and the bottom oxide ap- 
erture are collinear along the central vertical axis of the 
semiconductor device. 

[001 1 ] According to an exemplary embodiment of the 
invention, the fabricated semiconductor Includes a short 
wave-length vertical cavity surface emitting laser (VC- 
SEL). The short-wavelength VCSEL Includes a top ox- 
idation layer. A long-wavelength VCSEL Is monolithlcal- 
ly integrated with and optically pumped by the short- 
wavelength VCSEL. The long-wavelength VCSEL in- 
cludes a bottom oxidation layer. A top oxide aperture ts 
defined by the top oxidation layer, and a bottom oxide 
aperture is defined by the bottom oxidation layer. An n- 
doped contact layer is interposed between the top oxi- 
dation layer and the bottom oxidation layer. The semi- 
conductor device presents a central vertical axis, and 
the top oxide aperture and the bottom oxide aperture 
are each centered about the central vertical axis In re- 
spective planes that are both perpendicular to the cen- 
tral vertical axis. 

[0012] Other features and advantages of the inven- 
tion will become apparent from the following detailed de- 
scription, taken in conjunction with the accompanying 
drawing, which illustrate, by way of example, the fea- 
tures of the invention. 

[0013] Fabricated semiconductor devices and meth- 
ods of fabrication are defined in Claims 1-28. 
[001 4] In the drawings: 

FIG. 1 is a top plan view of a semiconductor device 
according to the principles of the invention; 
FIG. 2 is a cross-sectional view taken along the line 
A-A' in FIG. 1 (hatching has been removed to aid 

clarity); and 

FIG. 3 is a process flow diagram for describing fab- 
rication of a semiconductor device according to the 
principles of the invention. 

. [001 5] In this description, "top* or 'upper" are relative 
terms referring to regions of the semiconductor device 
away from the substrate, and the "bottom* and "lower* 
mean toward the substrate. 

[0016] As shown in the drawings for purposes of illus- 
tration, a long-wavelength vertical cavity surface emit- 
ting laser (VCSEL) is optically coupled to and optically 
pumped by a short-wavelength VCSEL in a monolithic 
integrated semiconductor device. Semiconductor devic- 
es in accordance with the principles of the invention can 
be manufactured in groups or anrays in a wafer-scale 
integrated circuit system. 

[0017] Successful manufacturing of the monolithic in- 
tegrated semiconductor device requires the ability to 
precisely align the optical mode of the two VCSELs over 
a wafer scale and make electrical contact to both p-ma- 



terial and n-material layers of the short-wavelength VC- 
SEL. 

[0018] Previous attempts to use patterned wafer fu- 
sion to define the optical mode of the long-wavelength 
5 VCSEL, and oxidation to define the optical mode of the 
short-wavelength VCSEL pump, often require precise, 
sub-micron infrared photolithography over a full wafer, 
which is difficult. 

[001 9] A better technique than using patterned wafer 

10 fusion to define the optical mode of the long-wavelength 
VCSEL along with oxidation to define the optical mode 
of the short-wavelength pump is to use a self-aligned 
process, which does not require manual alignment dur- 
ing processing. In a self-aligned process, a deep mesa 

IS is etched past an oxidation layer in each of the two VC- 
SELs. Then the two oxidation layers are simultaneously 
oxidised. The two oxide apertures in the two oxidation 
layers, respectively, that result are self-aligned, but 
there is no way to make electrical contact to a layer be- 

20 tween the oxidation layers. 

[0020] To overcome the aforementioned and other 
shortcomings the Invention provides a process for use 
in fabricating a monolithically integrated semiconductor 
device that includes a long-wavelength VCSEL optically 

25 coupled to and optically pumped by a short-wavelength 
VCSEL. In the fabricated semiconductor device there 
are two vertically-aligned oxide apertures in the two ox- 
idation layers, respectively, and electrical contact is 
made to a layer between the two oxidation layers. 

30 [0021] The process is described with reference to 
FIGS. 1 and 2, where a composite-layer semiconductor 
device has been f abrteated from a wafer that includes a 
plurality of layers. FIG. 1 illustrates a top view of the fab- 
ricated monolithically-integrated semiconductor device. 

35 With reference to FIG. 1 an n-type metal contact 1 0 has 
been deposited on a contact layer of the fabricated sem- 
iconductor device. The n-type metal contact 10 sur- 
rounds a mesa 12 that has a cloverieaf-shaped cross- 
sectional configuration. A p-type metal contact 14 has 

40 been deposited on the cloverieaf-shaped mesa 12. A 
set 16 of four deep oxidation holes are defined by the 
cloverieaf-shaped mesa 12 and extend upward and 
downward inside the mesa 12. The four deep oxidation 
holes 16 surround the vertically-aligned top oxide aper- 

45 ture 1 8 and bottom oxide aperture (not shown in FIG. 1 ) 
in the monolithic integrated circuit. 
[0022] FIG. 2 illustrates a cross-sectional view taken 
along the line A-A' in FIG. 1. With reference to FIG. 2 
the plurality of layers in the fabricated monolithic inte- 

50 grated semiconductor device includes a bottom 1300 
nm mirror 22, a 1300 nm active region 24 disposed 
above the bottom 1300 nm mirror 22. and a top 1300 
nm mirror 26 disposed above the 1300 nm active region 
24, where the top 1300 nm mirror 26 includes a bottom 

55 oxidation layer 28 that defines the bottom oxide aperture 
30 within the bottom oxidation layer 28. The bottom ox- 
idation layer 28 corresponds to the 1300 nm active re- 
gion 24. 
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[0023] The plurality of layers in the fabricated semi- 
coriductor device includes an n*doped bottom 850 nm 
mirror 34. The n-doped bottom 850 nm min^or 34 is epi- 
taxially grown above the top 1300 nm minror 26, inte- 
grated with the top 1300 nm mirror 26. The bottom 850 
nm mirror 34 includes the contact layer 36 of the semi- 
conductor device. The n-type metal contact 1 0 Is applied 
to the n-doped contact layer 36 and partially surrounds 
the cloverleaf-shaped mesa 12. The top oxidation layer 
38 defines the top oxide aperture 18 and is located 
above the contact layer 36. The fabricated multi-layer 
semiconductor device includes an 850 nm active region 
(not numbered in FIG. 2) disposed above the bottom 
850 nm mirror 34, a p-doped top 850 nm mirror 42 dis- 
posed above the 850 nm active region. 
[0024] During fabrication of the semiconductor device 
in accordance with the prirKiples of the invention, a shal- 
low mesa 1 2 is etched in the semiconductor wafer down 
to the contact layer 36 of the n-doped bottom 850 nm 
mirror 34 that Is to t>e electrically contacted. The ex- 
posed area of the contact layer 36 presents a field par- 
tially circumscribing the etched mesa 12. The contact 
layer 36 is located between the top oxidation layer 38 
and the bottom oxidation layer 28. 
[0025] The deep oxidation holes 16 (FIG. 1) are 
etched from the top of the mesa 12 downward through 
the mesa 12 beyond both the top oxidation layer 38, 
which is within the short-wavelength VCSEL 44. and the 
bottom oxidation layer 28, which is within the long-wave- 
length VCSEL 46. Four deep oxidation holes 16 are il- 
lustrated in the top plan view of FIG. 1 . In the sectional 
view of Fig. 2, two of the four deep oxidation holes are 
illustrated. 

[0026] The p-type metal contact 14 is applied to the 
top of the p-doped top 850 nm mirror 42 of the short- 
wavelength VCSEL 44. The n-type metal contact 10 is 
applied on the field of the contact layer 36. 
[0027] With reference to FIG. 2, current can move in 
the finished monolithic integrated circuit in a path from 
the n-type metal contact 1 0 to the contacting region, in 
the cloverieaf-shaped mesa structure 12 between the 
deep oxidation holes, through the top oxide aperture 18 
to the p-type metal contact 14. 
[0028] Simultaneous oxidation of the top oxide aper- 
ture 1 8 and the bottom oxide aperture 30 during fabri- 
cation of the monolithic semiconductor device according 
to the principles of the invention produces an alignment 
of the optical mode of the long-wavelength VCSEL 46 
with the optical mode of the short-wavetength VCSEL 
44 in the monolithic semiconductor device. 
[0029] The bottom oxide aperture 30 defines the op- 
tical mode of the long-wavelength VCSEL 46. The top 
oxide aperture 1 8 defines the optical mode of the short- 
wavelength VCSEL 44 and defines, at least in part, the 
electric current path in the short-wavelength VCSEL 44. 
[0030] Multiple vertically-aligned oxide apertures cor- 
responding to multiple active regions in epitaxlally 
grown structures can be achieved as taught herein. Re- 



ferring to FIG. 2, each oxide aperture 1 8. 30 is disposed 
in the plane of its respective oxidation layer 38, 28. Each 
centre line that Is normal to the plane in which each ox- 
ide aperture is disposed and that passes through the 
5 centre of each oxide aperture is substantially collinear 
with the other centre line(s) in accordance with the prin- 
ciples of the Invention. Importantly, the centre line of 
each oxide aperture is collinear with the centre nne(s) 
of the other oxide aperture(s) along a common central 
vertical axis 48 of the semiconductor device. 
[0031] In the process of fabricating the semiconductor 
device, each vertically-aligned oxide aperture is formed 
by converting a semiconductor layer to an Insulating, 
low-dieiectric-constant oxide layer through the process 
of wet oxidation. The resulting oxide apertures are 
caused to be aligned by etching a hole, or multiple holes, 
through all oxidation layers and defining the etch mask 
for this hole, or these holes, in a single alignment step 
(which is typically a photolithography step). The etch is 
followed by a single oxidation step which oxidizes all the 
layers simultaneously. 

[0032] Precise alignment of the optical modes of the 
electrically pumped shorter wavelength VCSEL and the 
longer wavelength VCSEL that is optically pumped by 
the shorter wavelength VCSEL is an important aspect 
of the manufacturing optically pumped long-wavelength 
structures. According to previous practice, to align the 
optical modes of the electrically pumped VCSEL and the 
longer wavelength VCSEL that is optically pumped, pat- 
terned wafer fusion was used to define the long-wave- 
length aperture and lateral oxidation was used to define 
the short-wavetength aperture; and then such oxide ap- 
erture and such patterned fusion aperture were manu- 
ally aligned using infrared photolithography. This is a dif- 
ficult and time-consuming process and the alignment is 
not always satisfactory. 

[0033] One better way to align the apertures of the 

two VCSELs is to simultaneously oxidise an oxidation 
layer in each VCSEL to create an aperture in each oxi- 
dation layer. The apertures generated after selective ox- 
idation are automatically aligned if an etched hole, or 
multiple holes, traverses the oxidation layers of the 850 
nm short-wavelength pump VCSEL and the 1300 nm 
long-wavelength VCSEL. 

[0034] Because the etched feature (i.e. the set of 
deep oxidation holes) is not continuous around the en- 
tire circumference of the aperture, a current path exists 
from p-metal radially inward of the etched holes on top 
of the structure to n-metal radially outward of the etched 
holes in an n-layer (i.e. the contact layer) between the 
two oxidation layers. Using the invented process, one 
can, with repeatability, create vertically-aligned aper- 
tures within the 850 nm short-wavelength pump VCSEL 
and the 1 300 nm long-wavelength VCSEL and still elec- 
trically contact both p-material and n-material layers of 
the 850 nm short-wavelength pump VCSEL. 
[0035] The process of etching the deep hole, or holes, 
can be controlled according to the principles of the in- 
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vention to engineer a difference between the size of the 
top oxide aperture and the size of the bottom oxide ap- 
erture. For example, using the invented process one can 
intentionally introduce a taper to the side-wall allowing 
the top of the hole (or holes) to be wider than the bottom 
of the hole (or holes). When such a taper is introduced, 
if the top oxide aperture and the bottom oxide aperture 
are collinear along the central vertical axis of the mon- 
olithic integrated semiconductor device, and if the top 
oxide aperture and the bottom oxide aperture are locat- 
ed in planes that are perpendicular to the central vertical 
axis, then the radius or size of the bottom oxide aperture 
measured from the central vertical axis is greater than 
the radius or size of the top oxide aperture measured 
from the central vertical axis. In this case, the selective 
oxidation of Identical oxidation layers renders the bot- 
tom aperture larger than the top. 
[0036] Using the invented process one can also engi- 
neer the oxidation layers, and the apertures defined 
within the oxidation layers, by controlling the aluminium 
composition of the AIGaAs, the thiclcness of the layers 
of AIGaAs. the grade thickness, the doping concentra- 
tion of the oxidation layers, or combinations of such fab- 
rications parameters, or other related parameters. The 
resulting apertures will still be aligned, but their sizes 
wilt no longer be the same. 

[0037] Also, the number, shape and placement of the 
holes can be controlled in the invented process to engi- 
neer a specific aperture shape. 
[0038] A specific application of the invention is used 
in the manufacture of optically pumped long-wavelength 
VCSELs. The optically pumped structure includes two 
monolithically-integrated VCSELs. The top VCSEL of 
the two is electrically pumped to emit laser light at a 
shorter wavelength. The shorter wavelength laser light 
that is emitted by the top VCSEL stimulates the bottom 
VCSEL to emit laser light at a longer wavelength. 
[0039] FIG. 3 is a process flow diagram for describing 
fabrication of a semiconductor device in accordance 
with the principles of the invention. In order to construct 
a composite-layer semiconductor device in accordance 
with the principles of the invention, a structure that in- 
cludes two or more oxidation layers corresponding to 
two or more active regions is epitaxially grown. Refer- 
ring to FIG. 3 a specific example of this structure can be 
made by growing an 850 nm pump laser with an inte- 
grated top 1300 nm Distributed Bragg Reflector (DBR) 
in step 50. A 1300 nm active region is wafer fused to a 
bottom 1300 nm DBR in step 52. The top 1 300 nm DBR 
is wafer fused to the 1300 nm active region to create a 
structure suitable for building an optically pumped VC- 
SEL in step 54. 

[0040] The 850 nm pump VCSEL and integrated top 
1300 nm DBR each have a high-percentage AIGaAs 
layer which can be oxidized selectively with respect to 
the surrounding epitaxial layers. The n-doped. n-mate- 
rial contact layer of the 850 nm pump VCSEL is situated 
between the two high-percentage AIGaAs layers. At this 



stage of the wafer-scale fabrication process, the inte- 
grated semiconductor device includes an 850 nm VC- 
SEL optically coupled,to an integrated 1300 nm VCSEL 
beneath the 850 nm VCSEL. 

s [0041] After epitaxially growing the wafer and per* 
fomrting the necessary wafer fusion steps that result in 
the 850 nm VCSEL optically coupled to the integrated 
1300 nm VCSEL, p-metal is deposited on the top sur- 
face of the 850 nm pump VCSEL in the wafer to make 

10 what will become the top p-type contact of the integrated 
semiconductor device in step 56. 
[0042] Then, a mesa, which includes the p-metal de- 
posit on its top surface, is etched in the wafer down to 
the n-doped contact layer of the 850 nm VCSEL in step 

IS 58. This forms a field at least partially circumscribing the 
etched mesa. The etching can include, for example, a 
dry plasma based etch or a wet chemical etch. After the 
mesa etching is completed, n-contact metal is deposited 
in the etched field in step 60. 

20 [0043] Both the p-type metal contact and the n-type 
metal contact are then alloyed in a rapid thermal anneal- 
ing process in step 62. There are now completed elec- 
trical contacting layers for electrically pumping the 850 
nm pump VCSEL of the monolithic integrated circuit. 

25 [0044] The terms "p* and "n" as used herein to identify 
metal-type and doping may be interchanged within the 
scope of the present invention. 
[0045] In step 64 the device is then coated with SINx, 
which serves to protect both p-type and n-type metal 

30 contacts during a subsequent oxidation step, and aids 
in production of a reproducible vertical sidewall during 
the subsequent hole etch down through the mesa. 
[0046] After deposition of the SiNx, one or more holes 
to be etched are patterned on top of the mesa in step 

3S 66. The pattemed holes are radially outward of the p- 
metal deposit, as measured from the central vertical ax- 
is. These holes are etched from the top of the mesa 
down through the SiNx, into the wafer past both the top 
AIGaAs oxidation layer and the bottom AIGaAs oxida- 

40 tion layer in step 68. The etched holes fonn a non-con- 
tinuous ring around the p-metal deposit. 
[0047] After the holes are etched, a single oxidation 
step is performed in step 70, which creates in this spe- 
cific embodiment two vertically-aligned oxide apertures. 

45 The bottom oxide aperture confines the optical mode of 
the 1300 nm VCSEL radially inward toward the central 
vertical axis and along the central vertical axis. Etching 
past both the top oxidation layer and the bottom oxida- 
tion layer in the same alignment step as taught herein 

50 ensures that the centres of the two apertures, after being 
formed through selective oxidation, will be aligned. 
[0048] Following the single oxidation step, the SiNx 
coating is removed by etching in step 72. A thin SiNx 
coating that sen/es as a 1300 nm anti-reflection coating 

55 Is deposited over the device in step 74. The anti-reflec- 
tion coating is patterned and etched to open access to 
the 850 nm p-type and n-type electrical contacts in step 
76. The anti-reflection coating is maintained over the ap- 
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erture of the optically pumped device. The device is now 
complete. 

[0049] Each monolithically-lntegrated. multi-layer 
semiconductor device produced by the foregoing proc- 
ess Includes a long-wavelength VCSEL optically cou- 
pled to and optically pumped by a short-wavelength VC- 
SEL, which in the preferred embodiment is disposed 
above the long-wavelength VCSEL It is contemplated 
that arrays of semiconductor devices can be produced 
on a wafer scale using the invented process. 
[0050] The layers of the fabricated semiconductor de- 
vice include a first oxidation layer, which Is part of the 
short-wavelength VCSEU and a second oxidation layer, 
which is part of the long-wavelength VCSEL. A first ox- 
ide aperture is defined by the first oxidation layer and a 
second oxide aperture is defined by the second oxida- 
tion layer. The first oxide aperture and the second oxide 
aperture are vertically aligned with respect to a central 
vertical axis. An n-type metal contact is applied to a con- 
tact layer within the semiconductor device that is inter- 
posed between the first oxidation layer and the second 
oxidation layer. 

[0051 ] While several particular f omis of the invention 
have been illustrated and described, it wilt also be ap- 
parent that various modifications can be made without 
departing from the scope of the invention. 



Claims 

1 . A process for use in fabrication of a semiconductor 
device, 

the fabricated semiconductor device compris- 
ing a top oxide aperture (18) defined by a top oxi- 
dation layer (38), a bottom oxide aperture (30) de- 
fined by a bottom oxidation layer (28). and a contact 
layer (36) adapted for electrical contact and dis- 
posed between the top oxidation layer (38) and the 
bottom oxidation layer (28). 

wherein the fabricated semiconductor device 
presents a central vertical axis (48), and the top ox- 
ide aperture (1 8) and the bottom oxide aperture (30) 
are collinear along the central vertical axis (48), 
wherein the semiconductor devices includes a long- 
wavelength vertical cavity surface emitting laser 
(VCSEL) (46) optically pumped by a short-wave- 
length VCSEL (44) having a wavelength less than 
said long-wavelength VCSEL (46); 

wherein the top oxidation layer (36) is within 
the short-wavelength VCSEL (44), and 

wherein the bottom oxidation layer (28) is 
within the long-wavelength VCSEL (46). 

the process comprising the steps of: 

etching past the top oxidation layer (38) and 
stopping in the contact layer (36), 
etching one or more holes traversing the top ox- 
idation layer (38) and the bottom oxidation layer 
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(28), and 

simultaneously oxidizing both the top oxidation 
layer (38) and the bottom oxidation layer (28) 
laterally from inside said holes. 

5 

2. A process as claimed in claim 1 , further comprising 
the step of: 

controlling the size of the top oxide aperture 
10 (18) relative to the size of the bottom oxide ap- 

erture (30). 

3. A process as claimed In claim 2, further comprising 
the step of: 

IS 

controlling the doping concentration of the top 
oxidation layer (38) and the bottom oxidation 
layer (28). 

20 4. A process as claimed in claim 2, further comprising 
the step of: 

controlling the neighboring grade profile for the 
top oxidation layer (38) and the bottom oxida- 
25 tion layer (28). 

5. A process as claimed in claim 2, further comprising 
the step of: 

30 controlling the layer thickness of the top oxida- 

tion layer (38) and the bottom oxidation layer 
(28). 

6. A process as claimed in claim 2. further comprising 
35 the step of: 

controlling layer composition in the top oxida- 
tion layer (38) relative to the layer composition 
in the bottom oxidation layer (28). 

40 

7. A process as claimed in any preceding claim, 
wherein 

in the fabricated semiconductor device, the 
size of the top oxide aperture (18) is different from 
45 the size of the bottom oxide aperture (30). 

8. A process as claimed in any preceding claim, 
wherein: 

so each of the top oxidation layer (38) and the bot- 

tom oxidation layer (28) corresponds, respec- 
tively, to an active region. 

9. A process for use in fabrication of a semiconductor 
55 device that has a central vertical axis (48). compris- 
ing the steps of: 

epitaxially growing a short-wavelength vertical 
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cavity surface emitting laser (VCSEL) (44) in- 
tegrated witli a top long-wavelength distributed 
Bragg reflector, 

wafer fusing a long-wavelength active region to 
a bottom long-wavelength distributed Bragg re- 
flector. 

wafer fusing the top long-wavelength distribut- 
ed Bragg reflector to the long-wavelength ac- 
tive region, making a long-wavelength VCSEL 
(46) beneath the short-wavelength VCSEL 
(44). 

wherein the short-wavelength VCSEL (44) in- 
cludes a top oxidation layer (38) of AIGaAs. 

the long-wavelength VCSEL (46) Includes a 
bottom oxidation layer (28) of AIGaAs, 

a first contact layer (14) is disposed above 
said top oxidation layer (38) of AIGaAs, and 

a second contact layer (36) is interposed be- 
tween the top oxidation layer (38) of AIGaAs and 
the bottom oxidation layer (28) of AIGaAs, 

depositing a first metal on said first contact 
layer ( 1 4) to make a first contact of the semiconduc- 
tor device, 

etching a mesa (12) in the short-wavelength 
VCSEL (44) down to said second contact layer, 
thereby forming a field around the mesa (12), 

depositing a second metal in the field to make 
a second contact of the semiconductor device. 

patterning one or more holes on top of the me- 
sa (12), in the shape of a non-continuous ring. 

etching the patterned one or more holes from 
the top of the mesa (12) downward through both the 
top oxidation layer (38) of AIGaAs and the bottom 
oxidation layer (28) of AIGaAs, and 

oxidizing the one or more etched holes in a 
single step, thereby forming a top oxide aperture 
(1 8) in the short-wave length VCSEL (44) and a bot- 
tom oxide aperture (30) in the long-wavelength VC- 
SEL (46). 

wherein the top oxide aperture (18) and the 
bottom oxide aperture (30) are colllnear along the 
central vertical axis (48). 

10. A process as claimed in claim 9. wherein: 

each of the top oxidation layer (38) and the bot- 
tom oxidation layer (28) can be oxidized selec- 
tively with respect to the surrounding epitaxial 
layers. 

11. A process as claimed In claim 9 or 10, wherein: 

the etching of the mesa (1 2) in the short-wave- 
length VCSEL (44) uses a dry plasma based 
etch. 

12. A process as claimed in claim 9 or 10. wherein: 



the etching of the mesa (1 2) in the short-wave- 
length VCSEL (44) uses a wet chemical etch. 

13. A process as claimed in any of claims 9 to 12, 
5 wherein: 

the etched mesa (1 2) includes the first metal on 
the top surface of the short-wavelength VCSEL 
(44). 

10 

14. A process as claimed in any of claims 9 to 1 3, further 
comprising the step of: 

alloying the first contact and the second contact 
15 using a rapid thermal annealing process. 

15. A process as claimed in any preceding claim, 
wherein: 

20 the etching of the patterned holes through both 

the top oxidation layer (38) and the bottom ox- 
idation layer (28) is performed in a single step. 

16. A process as claimed in any preceding claim, fur- 
25 ther comprising the steps of: 

before the patteming of the one or move holes, 
depositing a coat of SiNx over the device. 

30 17. A process as claimed in claim 16. further comprising 
the step of: 

removing the coat of SiNx. 
depositing a long-wavelength anti-reflection 
35 coating over the device, 

patterning the anti-reflection coating, and 
etching the anti-reflection coating to open ac- 
cess to the first contact and the second contact. 

40 18. A process as claimed in any preceding claim, 
wherein: 

the top oxide aperture (18) and the t}ottom ox- 
ide aperture (30) confine the optical mode of 
45 the semiconductor device. 

19. A process as claimed in any of claims 9 to 1 8 com- 
prising: 

50 etching past the top oxidation layer (38) and 

stopping in the contact layer (36). 

20. A semiconductor device comprising: 

55 a top oxide aperture (18) defined in a top oxi- 

dation layer (38) above a bottom oxide aperture 
(30) defined in a bottom oxidation layer (28). 
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wherein the top oxide aperture (18) and the 
bottom oxide aperture (30) are collinear along a 
central vertical axis (48). 

an electrical contact to a contact layer (36) be- 
tween the top oxidation layer (38) and the bottom 
oxidation layer (28), 

wherein the top oxide aperture (18) is part of 
a short-wavelength vertical cavity surface emitting 
laser (VCSEL) (44). 

the bottom oxide aperture (30) is part of a 
long-wavelength VCSEL (46). and 

the short-wavelength VCSEL (44) optically 
pumps the long-wavelength VCSEL (46). 

21. A semiconductor device as claimed in claim 20. 
wherein the long-wavelength VCSEL (46) includes: 

a bottom mirror (22), 

an active region wafer (24) fused to the bottom 
mirror (22), and 

a top mirror wafer (26) fused to the active region 
(24). 

22. A semiconductor device as claimed in claims 20 or 
21 , wherein: 

the long^avelength VCSEL (46) emits laser 
light having a wavelength in a range from ak)out 
1250nm to about 1650nm. 

23. A semiconductor device as claimed in any of claims 
20 to 22. wherein: 

the top oxide aperture (18) and the bottom ox- 
ide aperture (30) are each centered about the 
central vertical axis (48) in respective planes 
that are both perpendicular to the central verti- 
cal axis (48). 

24. A semiconductor device as claimed in any of claims 
20 to 23, wherein: 

the short-wavelength VCSEL (44) is electrically 
pumped and includes a p-doped top mirror (42). 

25. A semiconductor device as claimed in claim 24. 
wherein: 

current is confined to flow through a current 
path that includes the top mirror (42), the top 
oxide aperture (18) and the contact layer (36). 

26. A semiconductor device as claimed In any of claims 
20 to 25, wherein: 

the short-wavelength VCSEL (44) emits laser 
light having a wavelength in a range from about 
700nm to about lOSOnm. 



27. A semiconductor device as claimed in any of daims 
20 to 26, wherein: 

optical energy is guided by the top oxide aper- 
s ture (18) and the bottom oxide aperture (30). 

28. A semiconductor device as claimed in any of claims 
20 to 27. wherein: 

10 the top oxidation layer (38) and the bottom ox- 

idation layer (28) form a lateral refractive index 
guide. 



15 Patentanspruche 

1. Verfahren zur Verwendung bei der Fertigung eines 
Halbleiterbauelements, 

wobei das hergestellte Halbleiterbauelement eine 
20 obere Oxiddffnung (18), die durch eine obere Oxi- 
dationsschicht (38) definiert ist, eine in einer unte- 
ren Oxidationsschicht (28) definierte untere Oxid- 
dffnung (30) und eine Kontaktschicht (36) zur etek- 
trischen Kontaktgabe zwischen der oberen Oxida- 
25 tk)nsschk;ht (38) und der unteren Oxidationsschicht 
(28) aufweist 

wobei das hergestellte Halbleiterbauelement eine 
zentrale vertikale Achse (48) aufweist, entlang der 
die obere Oxiddffnung (18) und die untere Oxiddff- 

30 nung (30) kollinear verlaufen, wobei das Halbleiter- 
bauelement einen oberflachenemittierenden Laser 
mit vertikalem Hohlraum (VCSEL) fur lange Wellen- 
langen (46) enthalt, der optisch gepumpt wird von 
einem Kurzwellenlangen- VCSEL (44). dessen Wel- 

35 lenlange kleiner ist als die des Langwellenlan- 
gen-VCSEL (46); 

wobei die obere Oxidationsschicht (38) sich inner- 
halb des Kurzwellenldngen-VCSEL (44) befindet, 
und 

^ wobei die untere Oxidationsschicht (28) sich inner- 
halb des LangwetlenlSngen- VCSEL (46) befindet, 
wobei das Verfahren folgende Schritte beinhaltet 

Atzen an der oberen Oxidationsschicht (38) 
45 vorbet und Anhalten in der Kontaktschicht (36), 

Atzen von einem oder mehreren Lochem, die 
die obere Oxidationsschicht (38) und die untere 
Oxidationsschicht (28) durchsetzen, und 

so 

gleichzeitiges Oxidieren sowohl der oberen 
Oxklationsschicht (38) als auch der unteren 
Schicht (28) in seitlicher Richtung ausgehend 
von dem Inneren der Locher. 

55 

2. Verfahren nach Anspruch 1 , weiterhin umfassend: 

Steuern der GrdBe der oberen Oxiddffnung 
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(18) relativ zur GroBe der unteren Oxidoffnung 
(30). 

3. Verfahren nach Anspruch 2, weitertiin umfassend 
den Schritt: 

Steuem der Dotierstoffkonzentratlon der obe- 
ren Oxidationsschicht (38) und der unteren Oxi- 
dationsschicht (28). 

4. Verfahren nach Arispruch 2. weiterhin umfassend 
den Schritt: 

Steuem des Nachbar-Stufenprofils fur die obe- 
re Oxidationsschicht (38) und die untere Oxida- 
tionsschicht (28). 

5. Verfahren nach Anspruch 2, weiterhin umfassend 

den Schritt: 

Steuem der Schichtdicke der oberen Oxidati- 
onsschicht (38) und der unteren Oxidations- 
schicht (28). 

6. Veriahren nach Anspruch 2, weiterhin umfassend 
den Schritt: 

Steuem der Schichtzusammensetzung in der 
oberen Oxidationsschicht (38) relativ zu der 
Schichtzusammensetzung in der unteren Oxi- 
dationsschicht (28). 

7. Verfahren nach einem vorhergehenden Anspruch, 
bei dem innerhaib des gefertigten Haibleiterbaueie- 
ments die GroBe der oberen Oxidoffnung (18) ver- 
schieden ist von der GroBe der unteren Oxidoffnung 
(30). . 

8. Verfahren nach einem vorhergehenden Anspruch, 
bei dem sowohl die obere Oxidationsschicht (38) 
als auch die untere Oxidationsschicht (28) einer al<- 
tiven Zone entspricht. 

9. Verfahren zur Venw endung bei der Fertigung eines 
Halbleiterbauelements, das eine zentraie vertikale 
Achse (48) aufweist, umfassend folgende Schritte: 

epitaktisches Wachsen-Lassen eines oberflS- 
chenemittierenden Lasers mit vertikalem Hohl- 
raum (VCSEL) fur kurze Wellenlangen (44), in- 
tegriert mit einem oberen verteilten Langwel- 
len-Bragg-Reflektor, 

Wafer-Schmelzen einer aktiven Langwellen- 
Zone auf einen unteren verteilten Langwellen- 
Bragg - Reflektor. 

Wafer-Schmelzen des oberen verteilten Lang- 



wellen-Bragg-Reflektors an die aktive Lang- 
weilen-Zone. so daB unterhalb des Kurzwet- 
ien-VCSEL (44) der Langwellen-VCSEL (46) 
gelangt. 

5 

wobei der Kurzwellen-VCSEL (44) eine obere Oxi- 
dationsschicht (38) aus AIGaAs enthdit. 
der Langwellen-VCSEL (46) eine untere Oxidati- 
onsschicht (28) aus AIGaAs enthalt, 
10 eine erste Kontaktschicht (1 4) obertialb der oberen 
Oxidationsschicht (38) aus AIGaAs gebildet wird. 
und 

eine zweite Kontaktschicht (36) zwischen der obe- 
ren Oxidationsschicht (38) aus AIGaAs und der un- 
15 teren Oxidationsschicht (28) aus AIGaAs ausgebil- 
det wird. 

auf der ersten Kontaktschicht (14) ein erstes Metall 
niedergeschlagen wird, um einen ersten Kontakt 
des Halbleiterbauetements zu bilden, 

20 in dem Kurzwellen-VCSEL (44) hinunter zu der 
zweiten Kontaktschicht ein Mesa (12) geatzt wird, 
um um den Mesa (12) herum ein Feld zu bilden, 
in dem Feld ein zweites Metall niedergeschlagen 
wird, um einen zweiten Kontakt des Halbleiterbau- 

25 elements zu bilden, 

oben auf dem Mesa (1 2) in Form eines nicht durch- 
gehenden Rings ein Oder mehrere L6cher ausge- > 
bildet werden, 

das eine Oder die mehreren ausgebildeten Locher 
30 von oberhalb des Mesa (12) her nach unten sowohl 
durch die obere Oxidationsschicht (38) aus AIGaAs 
als auch die untere Oxidationsschrcht (28) aus AI- 
GaAs geatzt wird/werden, und 
das eine oder die mehreren geatzten Locher in ei- 
35 nem einzigen Schritt oxidiert werden, um dadurch 
in dem Kurzwellen-VCSEL (44) eine obere Oxidoff- 
nung (1 8) zu bilden und in dem Langwellen-VCSEL . 
(46) eine obere Oxidoffnung (30) auszubilden, 
wobei die obere Oxidoffnung (18) und die untere 
40 Oxidoffnung (30) entlang der zentralen vertikalen 
Achse (48) kollinear sind. 

10. Verfahren nach Anspruch 9, bei dem sowohl die 
obere Oxidationsschicht (38) als auch die untere 

45 Oxidationsschicht (28) selektiv bezuglich der um- 
gebenden Epitaxieschichten oxidierbar sind. 

11. Verfahren nach Anspruch 9 Oder 10, bei dem das 
Atzen des Mesas (12) in dem Kurzwellen-VCSEL 

50 (44) vom Trockenplasmaatzen Gebrauch macht. 

12. Verfahren nach Anspruch 9 Oder 10, bei dem das 
Atzen des Mesas (12) in dem Kurzwellen-VCSEL 
(44) vom chemischen NaBStzen Gebrauch macht. 

55 

13. Verfahren nach einem der Anspruche 9 bis 12, bei 
dem der geatzte Mesa (12) das erste Metail auf der 
Oberseite des Kurzwellen-VCSEL (44) aufweist. 
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14. Verfahren nach einem der Anspruche 9 bis 13, wei- 
tertiin umfassend den Schritt: 

Legieren des ersten Kontakts und des zweiten 
Kontakts unter Verwendung eines schnellen 
thermischen Gluhverfahrens. 

15. Verfahren nach einem vorhergehenden Anspruch, 
bei dem das Atzen der als Muster gebildeten L6cher 
durch sowohl die obere Oxidatlonsschicht (38) als 
auch die untere Oxidationsschicht (28) in einem 
einzigen Schritt erfolgt. 

16. Verfahren nach einem vorhergehenden Anspruch. 
weiterhin umfassend die Schritte: 

vor der Ausbildung des einen Oder der mehre- 
ren Locher wird uber das Bauelement ein Ober- 
zug aus SiNx gebildet. 

17. Verfahren nach Anspruch 16, weiterhin umfassend 

die Schritte: 

Beseitigen des Oberzugs aus SiNx, 

Niederschlagen elner Langwellen-Antireflexl- 
onsbeschichtung auf dem Bauelement. 

Ausbilden eines Musters in der Antireftexions- 
beschichtung. und 

Atzen der Antirefiexionsbeschichtung zum Ver- 
schaffen von Zugang zu dem ersten Kontalct 
und dem zweiten Kontakt. 

18. Verfahren nach einem vorhergehenden Anspruch, 
bei dem die obere Oxiddffnung (18) und die untere 
Oxidoffnung (30) den optischen Moden des Halb- 
leiterbauelements eingrenzt. 

19. Verfahren nach einem der Anspruche 9 bis 18, um- 
fassend das Atzen an der oberen Oxidationsschicht 
(38) vorbei und Anhatten des Atzvorgangs in der 
Kontaktschicht (36). 

20. Hatbleiterbauelement, umfassend: 

eine obere Oxidoffnung (18), die in einer obe- 
ren Oxidationsschicht (38) oberhalb einer un- 
teren Oxiddffnung (30) in einer umeren Oxida- 
tionsschicht (28) definiert ist, 

wobei die obere Oxiddffnung (18) und die untere 
Oxiddffnung (30) entlang einer zentralen vertikalen 
Achse (48) kollinear sind, 

einen elektrischen Kontakt zu einer Kontaktschicht 
(36) zwischen der oberen Oxidationsschicht (38) 
und der unteren Oxidationsschicht (28), 



wobei die obere Oxiddffnung (18) Teil eines ober- 
flachenemittierenden Lasers mit vertikalem Hohl- 
raum (VCSEL) fur kurze Wellenlangen (44) ist, 
die untere Oxiddffnung (30) Teil eines Langwel- 
5 len-VCSEL (46) ist, und 

der Kurzwellen-VCSEL (44) den Langwellen-VC- 
SEL (46) optisch pumpt. 

21. Hatbleiterbauelement nach Anspruch 20, bei dem 
10 der Langwellen-VCSEL (46) enthSIt: 

einen unteren Spiegel (22), 

einen aktiven Zonenwafer (24), der auf den un- 
IS teren Spiegel (22) geschmolzen ist, und 

einen oberen Spiegetwafer (26), der auf die ak- 
tive Zone (24) geschmolzen ist. 

20 22. Halbleiterbauelement nach Anspruch 20 Oder 21, 
bei dem der Langwellen-VCSEL (46) Laserlicht mit 
einer Wellenlange im Bereich von etwa 1250 nm bis 
etwa 1650 nm emittiert. 

25 23. Halbleiterbauelement nach einem der AnsprOche 
20 bis 21, bei dem die obere Oxiddffnung (18) und 
die untere Oxiddffnung (30) jeweils bezuglich der 
mittleren vertikalen Achse (48) in jeweiligen Ebe- 
nen zentriert sind, die beide rechtwinklig zu derzen- 

30 tralen vertikalen Achse (48) verlaufen. 

24. Halbleiterbauelement nach einem der AnsprOche 
20 bis 23, bei dem der Kurzwellen-VCSEL (44) elek- 
trlsch gepumpt wird und einen p-dotierten oberen 

35 Spiegel (42) enthdlt. 

25. Halbleiterbauelement nach Anspruch 24, bei dem 
der Strom so eingegrenzt wird, da6 er durch einen 
Strompfad flieBt, der den oberen Spiegel (42). die 

40 obere Oxiddffnung (1 8) und die Kontaktschicht (36) 
enthdit. 

26. Hatbleiterbauelement nach einem der Anspruche 
20 bis 25, bei dem das Kurzwellen-VCSEL (44) La- 

45 serlicht mit einer WellenlSnge im Bereich von etwa 
700 nm bis etwa 1050 nm emittiert. 

27. Halbleiterbauelement nach einem der Anspruche 
20 bis 26, bei dem optische Energie von der oberen 

so Oxiddffnung (1 8) und der unteren Oxiddffnung (30) 
gefuhrt wird. 

28. Hatbleiterbauelement nach einem der Anspruche 
20 bis 27, bei dem die obere Oxidationsschicht (38) 

55 und die untere Oxidationsschicht (28) eine laterale 
Brechungsindex-Fuhrung bilden. 
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Revendications 

1. Proc^d^ destine ^ §tre utilise dans la fabrication 
d'un dispositif semiconducteur, 

le dispositif semiconducteur f abriqu^ compre- s 
nant una ouverture d'oxyde sup6rieure (18) d6finie 
par une couche d'oxydation sup^rieure (38). une 
ouverture d'oxyde Inf6rieure (30) d^finie par une 
couche d'oxydation inf §rieure (28) et une couche de 
contact (36) adapt^e pour un contact ^lectrique et io 
disposes entre la couche d'oxydation sup^rieure 
(38) et la couche d'oxydation inf6rieure (28), 

dans lequel le dispositif semiconducteur fabri- 
qu6 pr^sente un axe vertical central (48) et I'ouver- 
ture d'oxyde sup^rleure (1 8) et I'ouverture d'oxyde is 
inf6rieure (30) sont colin6aires le long de I'axe ver- 
tical central (48), dans lequel le dispositif semicon- 
ducteur comporte un laser k Emission de surface k 
cavity verticale de grande longueur d'onde (VC* 
SEL) (46) pomp6 optiquement par un VCSEL de 20 
courte longueur d'onde (44) ayant une longueur 
d'ondes inf6rieure audit VCSEL de grande longueur 
d'onde (46) ; 

dans lequel la couche d'oxydation sup^rieure 
(38) est k I'int^rieur du VCSEL de courte longueur 2S 
d'onde (44). et 

dans lequel la couche d'oxydation inf^rieure 
(28) est k I'lnt^rieur du VCSEL de grande longueur 
d'onde (46), 

le proc6d6 comprenant les stapes conslstant 30 

k: 

effectuer une gravure au-dei^ de la couche 
d'oxydation sup^rieure (38) et 
s'arreter dans la couche de contact (36). 35 
graver un ou plusieurs trous traversant la cou- 
che d'oxydation sup6rieure (38) et la couche 
d'oxydation inf6rieure (28), et 
oxyder simultan6ment k la fois la couche d'oxy- 
dation sup6rieure (38) et la couche d'oxydation 40 
inf^rieure (28) lat^ralement par rapport auxdits 
trous int^rieurs. 

2. Proced6 selon la revendication 1, comprenant en 
outre r^tape consistent k : ^ 

commander la taille de I'ouverture d'oxyde su- 
p^rieure (18) par rapport k la taille de I'ouver- 
ture d'oxyde inf^rieure (30). 

50 

3. Proced^ selon la revendication 2. comprenant en 
outre t'^tape consistent k : 

commander la concentration de dopage de la 
couche d'oxydation sup6rieure (38) et de la 55 
couche d'oxydation Inferieure (28). 

4. Proc6d6 selon la revendication 2. comprenant en 



outre r^tape conslstant k : 

commander le profil de niveau au voisinage de 
couche d'oxydation sup^rieure (38) et de la 
couche d'oxydation inferieure (28). 

5. Precede selon la revendication 2. comprenant en 
outre retape conslstant k : 

commander I'^paisseur de couche de la cou- 
che d'oxydation sup^rieure (38) et de la couche 
d'oxydation inferieure (28). 

6. Precede selon la revendication 2, comprenant en 
outre retape conslstant k : 

commander la composition de couche dans la 
couche d'oxydation sup^rieure (38) par rapport 
k la composition de couche dans la couche 
d'oxydation Inferieure (28). 

7. Precede selon I'une quelconque des revendications 
precedentes, dans lequel 

dans le dispositif semiconducteur fabrique, la 
taille de I'ouverture d'oxyde superieure (1 8) est dif- 
ferente de la taille de I'ouverture d'oxyde Inferieure 
(30). 

8. Precede selon Tune quelconque des revendications 
precedentes, dans lequel : 

chacune parmi la couche d'oxydation superieu- 
re (38) et la couche d'oxydation inferieure (28) 
correspond respectivement k une region acti- 
ve. 

9. Precede destine k etre utilise dans la fabrication 
d'un dispositif semiconducteur comportant un axe , , 
vertical central (48), comprenant les etapes consls- 
tant k : 

faire croTtre de fagon epitaxiale un laser k emis- 
sion de surface k cavite verticale de courte lon- 
gueur d'onde (VCSEL) (44) integre avec un re- 
flecteur de Bragg distribue superieur de grande 
longueur d'onde. 

effectuer une fusion de tranche d'une region 
active de grande longueur d'onde vers un re- 
flecteur de Bragg distribue inferieur de grande 
longueur d'onde, 

effectuer une fusion de tranche du ret lecteur de 
Bragg distribue superieur de grande longueur 
d'onde vers la region active de grande longueur 
d'onde, realisant un VCSEL de grande lon- 
gueur d'onde (46) au-dessous du VCSEL de 
courte longueur d'onde (44). 

dans lequel le VCSEL de courte longueur 
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d'onde (44) comporte une couche d'oxydation su- 
p^rieure (38) d'AIGaAs, 

le VCSEL de grande longueur d'onde (46) 
comporte une couche d'oxydation inf^rieure (28) 
d'AIGaAs. et 

une premiere couche de contact (14) est dis- 
pos6e au-dessus de ladite couche d'oxydation su- 
p^rieure (38) d'AIGaAs* 

une seconde couche de contact (36) est in- 
tercal^e entre la couche d'oxydation sup6rieure 
(38) d'AIGaAs et la couche d'oxydation inf^rieure 
(28) d'AIGaAs. 

d^poser un premier m^tal sur ladite premiere 
couche de contact (14) pour r^aliser un premier 
contact du dispositif semi-conducteur. 

graver un mesa (12) dans le VCSEL de courte 
longueur d'onde (44) vers le bas vers ladite secon- 
de couche de contact, de manl^re & fomier un 
champ autour du mesa (12), 

d6poser un second m^tal dans le champ pour 
r^aliser un second contact du dispositif semicon- 
ducteur, 

r^atiser un motif d'un ou plusieurs trous au* 
dessus du mesa (12) sous la forme d'un anneau 
non continu, 

graver le ou tes trous du motif k partir du haut 
du mesa (12) vers le bas ^ la fois k travers la couche 
d'oxydation sup^rieure (38) d'AIGaAs et la couche 
d'oxydation inf^rieure (28) d'AIGaAs, et 

oxyder le ou les trous graves en une 6tape 
unique, de mani^re k former une ouverture d'oxyde 
sup^rleure (18) dans le VCSEL de courte longueur 
d'onde (44) et une ouverture d'oxyde inf^rieure (30) 
dans le VCSEL de grande longueur d'onde (46). 

dans lequel I'ouverture d'oxyde superieure 
(18) et I'ouverture d'oxyde inf^rieure (30) sont coll- 
n6aires le long de I'axe vertical central (48). 

10. Proc^d^ selon la revendication 9. dans lequet : 

chacune parmi la couche d'oxydation superieu- 
re (38) et la couche d'oxydation inf^rieure (28) 
peut 6tre oxyd^e de fa9on selective par rapport 
aux couches ^pitaxiales environnantes. 

11. Proc^d^ selon la revendication 9 ou 10, dans 
lequel : 

ta gravure du mesa (12) dans te VCSEL de 
courte longueur d'onde (44) utilise une gravure 
s6che k base de plasma. 

12. Proc§d§ selon la revendication 9 ou 10, dans 
lequel ; 

la gravure du mesa (12) dans le VCSEL de 
courte longueur d'onde (44) utilise une gravure 
chimique humide. 



13. Proc^d^ selon I'une quelconque des revendications 
9 a 12, dans lequel : 

le mesa grav^ (12) comporte le premier m^tal 
s sur la surface superieure du VCSEL de courte 

longueur d'onde (44). 

14. Precede selon I'une quelconque des revendications 
9 d 13, comprenant en outre I'^tape consistant k : 

10 

r^aliser un alliage du premier contact et du se- 
cond contact en utilisant un precede de recuit 
thermlque rapide. 

IS 15. Precede selon I'une quelconque des revendicatior^ 
precedentes, dans lequel : 

la gravure des trous du motif, k la fois k travers 
la couche d'oxydation superieure (38) et la cou- 
20 Che d'oxydation inferieure (28). est effectuee 

en une etape unique. 

16. Precede selon I'une quelconque des revendications 
precedentes, comprenant en outre les etapes con- 
25 sistant k : 

avant la formation de motif du ou des trous, ef- 
fectuer un dep6t de SINx sur le dispositif. 

30 17. Precede selon la revendication 16, comprenant en 
outre retape consistant k : 

retlrer le depot de SiNx, 
effectuer un dep6t anti-reflexion de grande lon- 
35 gueur d'onde au-dessus du dispositif. 

realiser un motif du depdt anti-reflexion, et 
graver le dep6t anti-reflexion pour ouvrir un ac- 
ces au premier contact et au second contact 

^ 18. Procede selon I'une quelconque des revendications 
precedentes, dans lequel : 

I'ouverture d'oxyde superieure (18) et I'ouver- 
ture d'oxyde inferieure (30) imposent le mode 
^ optique du dispositif semlconducteur. 

19. Precede selon I'une quelconque des revendications 
9 k 18. comprenant: 

so une gravure au-del^ de ta couche d'oxydation 

superieure (38) et s'arretant dans la couche de 
contact (36). 

20. Dispositif semlconducteur comprenant : 

55 

une ouverture d'oxyde superieure (18) definle 
dans une couche d'oxydation superieure (38) 
au-dessus d'une ouverture d'oxyde inferieure 
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(30) d^finie dans une couche tfoxydation inf6- 
rieure (28), 

dans lequei I'ouverture d'oxyde sup^rieure 
(18) et I'ouverture d'oxyde inf^rieure (30) sont coli- 
neaires le long d'un axe vertical central (48). 

un contact ^lectrique vers une couche de con- 
tact (36) entre la couche d'oxydation sup^rieure 
(38) et ta couche d'oxydation tnf^rieure (28). 

dans lequei I'ouverture d'oxyde sup^rleure 
(18) fait partie d'un laser ^ Emission de surface k 
cavity verticate de courte longueur d'onde (VCSEL) 
(44). 

I'ouverture d'oxyde inf^rieure (30) fait partie 
d'un VCSEL de grande longueur d'onde (46), et 

le VCSEL de courte longueur d'onde (44) 
pompe optiquement le VCSEL de grande longueur 
d'onde (46). 

21. Dispositif semiconducteur selon la revendicatlon 

20, 

dans tequet le VCSEL de grande longueur d'onde 
(46) comporta : 

un miroir Inf^rleur (22). 

une tranche de region active (24) fondue avec 
le miroir tnf^rieur (22), et 
une tranche miroir sup§rleure (26) fondue avec 
la region active (24). 

22. Dispositif semiconducteurselon la revendicatlon 20 
ou 21 , dans lequei : 

le VCSEL de grande longueur d'onde (46) 6met 
de la lumi^re laser ayant une longueur d'onde 
situ^e dans une plage allant d'environ 1 250 nm 
d environ 1650 nm. 



courant qui comporte le miroir sup^rieur (42). 
I'ouverture d'oxyde sup6rieure (1 6) et la couche 
de contact (36). 

5 26. Dispositif semiconducteur selon I'une quelconque 
des revendications 20 k 25. dans lequei : 

le VCSEL de courte longueur d'onde (44) 6met 
de la lumi^re laser ayant une longueur d'onde 
10 situ^e dans une plage allant d'environ 700 nm 

& environ 1050 nm. 

27. Dispositif semiconducteur selon I'une quelconque 
des revendications 20 k 26. dans lequet : 

IS 

I'^nergie optique est guid^e par I'ouverture 
d'oxyde sup^rieure (18) et I'ouverture d'oxyde 
inf^rieure (30). 

28. Dispositif semiconducteur selon I'une quelconque 
des revendications 20 k 27. dans lequei : 

la couche d'oxydation sup6rleure (38) et la cou- 
che d'oxydation inf^rieure (28) fomnent un gui- 
de d'indice de refraction lateral. 
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23. Dispositif semiconducteur selon I'une quelconque 
des revendications 20 k 22, dans lequei : ^ 



I'ouverture d'oxyde sup^rieure (18) et I'ouver- 
ture d'oxyde int6rieure (30) sont centrees cha- 
cune autour de I'axe vertical central (48) dans 
des plans respectifs qui sont tous deux perpen- 45 
diculaires k I'axe vertical central (48). 



24. Dispositif semiconducteur selon Tune quelconque 
des revendications 20 k 23, dans lequei : 

50 

le VCSEL de courte longueur d'onde (44) est 
pomp6 6lectriquement et comporte un miroir 
sup^rieur dope p (42). 

25. Dispositif semiconducteur selon la revendication ss 
24, dans lequei : 

le courant est limits k circuler dans un trajet de 
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EPHAXIAaY GROWING A SHORT WAVELENGTH VCSEL 
INTEGRATED WITH A TOP LONG-WAVELENGTH OBR 
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WAFER FUSING A LONG-WAVELENGTH ACTIVE 
REGION TO A BOTTOM LONG-WAVELENGTH DBR 



WAFER FUSING THE TOP LONG-WAVELENGTH DBR 
TO THE LONG-WAVELENGTH ACTIVE REGION 



DEPOSITING P-METAL TO MAKE A P-CONTACT 
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ETCHING A MESA IN THE SHORT-WAVELENGTH 
VCSEL FORMING A HELD 



DEPOSniNG N-METAL TO MAKE AN N-CONTACT 

I 



ALLOYING THE P-CONTACT AND THE N-CONTACT 



DEPOSniNG A COAT OF SiNx 



PATTERNING ONE OR MORE HOLES ON THE MESA 



ETCHING THE ONE OR MORE HOLES THROUGH BOTH 
THE TOP AIGoAs OXIDATION LAYER AND 
THE BOTTOM AIGoAs OXIDAHON LAYER 



CREAHNG VERnCALLY-AUGNED OXIDE APERTURES 
IN A SINGLE OXIDATION STEP 



I 



REMOVING THE COAT OF SiNx 



DEPOSniNG AN ANTI-REFLECTION COATING 



REMOVING THE ANTI-REFLECTION COAHNG FROM 
THE P-CONTACT AND THE N-CONTACT 



FIG. 3 



16 



